One of the main research problems in the area of wireless sensor network has been to prolong life-time of network by using energy efficient algorithms. Sensor nodes in WSNs has different energy consumption rate due to the uneven complexity of the sensing tasks and varying distance from sink node. Consequently this leads to fast energy disparity among the sensor nodes and unbalanced energy state in the network, which in turn result in short lifetime of the network. Therefore balancing energy consumption, in order to prolong network lifetime has become an important aim for WSNs.
INTRODUCTION
Recent advances in Micro-Electro Mechanical Systems (MEMS) have led to the development of small sensor nodes that are composed of embedded devices like communication boards and sensor boards [1] . However smart sensors have several limitations -limited power, prone to failure and limited computing capabilities. Because replenishment of the battery of sensor nodes is very difficult, lifetime of WSNs is highly constrained. The difficulty of battery replenishment is caused by the hostile environments in which the sensor nodes operate. Therefore the study of energy efficient scheme to prolong network lifetime in WSN has been a very active area of research [1, 2] . The lifetime of wireless sensor network is crucial, since autonomous operation must be guaranteed over an extended period.
Sensors are severely constrained by the energy of their batteries, while the network lifetime is expected to be as long as possible. So saving energy to maximize the network lifetime is one of the critical problems in WSNs. In order to prolong the network life, two different problems need to be solved. One is the inefficient energy consumption and the other is the unbalanced energy consumption. The latter is an inherent problem in wireless sensor networks and it is largely orthogonal to the general energy efficiency problem [3, 4] .
For example, we assume that every sensor node in the network has an equal probability of generating data packets that have to be forwarded to the base station via multi-hop routing using other sensor nodes as relays. Apparently, the burden on the nodes close to the base station is considerably higher than on the nodes that are far away. Inevitably, the nodes closer to the sink will experience higher traffic and higher energy consumption rate. These nodes will be the first ones which run out of power [4, 5] and thus compromising the proper functioning of the overall network. Without appropriate measures, they will die quickly, rendering the network useless. In this paper, we propose and discuss strategies to ensure maximum lifetime of the network by balancing the energy load as equally as possible.
RELATED WORKS
Energy is the scarcest resource in the wireless sensor node and the energy constraint is unlikely to be solved due to slow progress in battery capacity. The sensor nodes are battery-driven and are often deployed in a hazardous and inaccessible environment; therefore battery replacement is not a feasible solution and human intervention is also undesirable since some networks consist of hundreds to thousands of nodes, which imply high operational cost [6] . Such large physically distributed networks increase the difficulty of changing batteries and makes recharging almost impossible during operations. This problem has forced the node, network and system developers to make changes in the basic WSN architecture as well as the researchers to develop new [4] It is assumed that all nodes communicate only with their neighbors and all the nodes are sending their observations back to the sink. It is also assumed that the nodes are equidistant, and thus the dissipated energy being roughly the same for each node. Normally, if all nodes have the same initial energy level upon deployment, the node closer to the sink will drain earlier since it has heavier forwarding burden. Moreover, the further nodes which may still have plentiful energy supplies cannot find the routes to the sink. The energy unbalancing problem will deteriorate with the increase of the network depth [4] .
Furthermore this unbalanced energy consumption is a common problem in clustering wireless sensor networks and it is largely orthogonal to the general energy efficiency problem [4] . In a clustering network, nodes are partitioned into a number of small groups called clusters. Each cluster has a coordinator, referred to as the cluster-head, and a number of member nodes. Member nodes route to their cluster-head to report collected data as shown in figure 2 [9] . The cluster-heads transmit data over long distances to the base station by one-hop or multi-hop. In a cluster with multi-hop mode, the sensor nodes closest to the cluster-head have the highest energy consumption due to packet relaying, so they tend to deplete their energy budget faster than other sensors. Another problem in cluster-based networks is that some clusters are high activity regions where data transmission, communication and monitoring are frequent. Without appropriate measures, the nodes will be depleted of their energy quickly, rendering the network useless. Therefore, to overcome the problems mentioned above, researchers have proposed different energy balancing algorithms [10, 11, 12, 13] with the following benefits:
• To ensure that every sensor node has the same rate of energy dissipation (or as close as possible) such that the network remains functional for the maximum possible time.
•
To balance the energy load and maintain connectivity as equally as possible.
To ensure uniform energy drainage, i.e. all the nodes deplete energy at the same rate.
Unequal width multi-hop communication
Sun et al. proposed the unequal width multi-hop communication mode [9] which is an energy balancing technique that allows the sensors to adjust their transmission distances accordingly so as to send data to the cluster-head (CH) using multi-hop communication, therefore leading to uniform energy consumption rate across the sensor nodes in the cluster. Figure 3 shows a cluster divided into K concentric rings, the radii of K concentric rings centered at the cluster-head are 0 <= r 0 < r 1 < r 2 < ... < r K = R (depending on the value α), and the width of the i th ring is ∆ i , which equals r i -r i-1 , where i = 1, 2, ..., K.
The authors have assumed a heterogeneous sensor network with uniform distribution and an energy model ( )
where α is the energy attenuation power parameter related to a specific field (2<= α<=6), d is the distance between the sender and receiver and c is a technology dependent positive constant. The proposed algorithm achieves the uniform energy consumption of nodes by taking different transmission radii according to the distance of sensor nodes to the cluster-head.
Equal width hybrid communication
Sun et al. proposed a second algorithm which balances energy consumption across all the rings by equal widths design. The equal width hybrid communication mode [9] allows the sensor nodes to communicate with their cluster-heads with constant transmission radii and mixed communication modes instead of only multi-hop mode or single-hop mode. The authors have assumed that the sensors in different rings will have different probabilities to communicate with the CH so as to ensure uniform energy consumption. The hybrid communication mode has been proposed as follows: the sensor nodes in the i th ring are allowed to send their packets to the cluster-head by one-hop with probability p i , which means a packet in the i th ring will be sent to the (i-1) th ring with probability 1-p i and to the cluster-head directly with probability p i .
Energy Balanced Transmission (EBT)
EBT [14] is a transmission scheme that balances energy consumption among nodes by considering transmission distance (between the nodes and the base station) and data density. The two mentioned factors affect the energy consumption rate of the sensor nodes as follows:
• If the data density is high or the node is far away from the base station, this means that it may need more power than the other nodes to transmit data. Therefore more percent data can be sent to the next hop, which may reduce the total energy consumed by that node.
• However, if the data density is low or the node is close to the base station, more data can be sent directly to the base station. The authors have considered a division of the network into slices, composed of sensors at nearly equal distance to the sink and able to send the data to sensors belonging to the next slice (toward the sink) or directly to the sink. EBT then adjusts the ratio of the data transmitted to the next hop and to the base station so as to achieve a constant energy consumption rate.
Routing strategy
In [15] , the author proposed and analyzed four energy balancing strategies that are used to balance the energy consumption of the nodes, where one of them is the routing strategy. The latter is similar to the equal width hybrid communication except that here it has been assumed that a node will transmit the locally generated traffic to the next node with probability a i and directly to the sink with probability b i = 1 -a i while incoming traffic will always be forwarded to the next node. The goal is to find a i so as to achieve energy balancing. Furthermore the algorithm is based on the 'Rayleigh fading link model' which is represented by
PROPOSED ENERGY BALANCING ALGORITHMS
In this section we proposed two algorithms that balance the energy consumption of the nodes to increase the lifetime of the network substantially. The algorithms have been designed in order to satisfy the following broad requirements:
The algorithms should ensure evenness in the energy consumed by the sensor nodes in a network. Therefore the new algorithm must balance the energy consumption rates efficiently across the sensor nodes. To achieve this, the energy balancedness property must be satisfied and it is as follows: E 1 = E 2 = … = E N meaning that the average per sensor energy dissipation is the same.
The algorithms should improve the lifetime of the network considerably through uniform energy dissipation.
The algorithms should optimize the energy consumption so as to save energy during the routing process as well as prolong the network lifetime.
The algorithms should distribute the energy load evenly across all the sensor nodes, especially the critical nodes (i.e. the nodes closest to the cluster head which are responsible for relaying the data to the base station from the other nodes) and thereby avoid the 'hot spot' problem in WSN.
The algorithms should employ the hybrid transmission technique which consists of both direct and multi-hop transmissions.
The algorithms should be simple so as to occupy the least amount of memory space and be computationally fast.
Proposal 1: Unequal Width Hybrid Communication Mode
The unequal width hybrid communication mode (referred as unequal width) is a combination of the hybrid communication algorithm and the unequal width design. The hybrid communication mode will consist of a probability based energy balancing scheme that will divide a circular network into K rings of unequal widths and will find a set of probabilities P i for each ring to balance the energy consumption. The node in ring i will then use the calculated probability P i to determine the number of data packets to be forwarded to the next ring i -1 towards the CH and to the CH directly respectively. The unequal width algorithm will calculate the optimized transmission range for each ring, which will be used in the process of data routing, in order to save energy and thereby maximize the network lifetime.
The unequal width design
The unequal width design has been included in the scheme to make the average energy consumed per node minimal. Therefore it must find the optimal transmission ranges of the rings in order to achieve the minimum balanced energy consumption and extend the network lifetime longer. To achieve this, the following formula has been considered:
In order to minimize E, all hop distances h i are made equal to D/k. It is decided that only the width of the 1 st ring will be equal to the optimal transmission range obtained above, i.e. r 1
The optimal transmission ranges of the ring i (1<= i <=K) will be calculated as follows, assuming that the number of rings is K:
If α = 2, let r 1 = r opt ; the sequence r 1 , r 2 , r 3 , ..., r k decreases (meaning that the ring widths must decrease with the increasing of i).
Else if α = 3, then r 1 = r opt ; the sequence r 1 , r 2 , r 3 , ..., r k must wave.
Else if α = 4, then r 1 = r opt ; then the sequence r 1 , r 2 , r 3 , ..., r k must increase.
The hybrid communication algorithm
To remedy the energy imbalance problem among the rings, the hybrid scheme based on probability is introduced. It calculates the total number of packets present in ring i as follows: 
Proposal 2: Equal Width Hybrid Communication Mode
The equal width hybrid routing communication mode (referred as hybrid routing) is a combination of the hybrid communication and routing strategy algorithms. The hybrid communication mode will consist of a probability based energy balancing scheme that will divide a circular network into K rings of equal widths and will find a set of probabilities P i for each ring to balance the energy consumption. A node in ring i will then use the calculated probability P i to determine the number of local packets to be forwarded to the next ring i -1 towards the CH and to the CH directly respectively. Incoming traffic will always be transmitted to the next node in ring i -1.
The equal width hybrid communication algorithm
The equal width hybrid routing algorithm is similar to the unequal width hybrid algorithm except that the total number of packets in ring i will be as follows:
IMPLEMENTATION
The two proposed algorithms have been implemented and compared with the existing equal width hybrid communication scheme (referred as equal width) described in section 2. Below a brief description of the implementation details of the algorithms is given.
Implementation details
In the unequal width hybrid communication algorithm, the widths of the rings differ as the sensors are allowed to adjust their transmission radii. The next step is to determine the number of nodes per ring, their corresponding positions in each ring and deploy them to form a homogeneous cluster, i.e. the sensor nodes are uniformly distributed inside each ring with a known density. Then find the distance between each node and the CH and consequently the ring number in which the node is located. After determining the optimum value for each ring width, a given node in the i th ring must now find its neighbouring sensor node which has to be located in the next ring (i.e. i-1 th ring). The node knows to whom it can be "heard". Each sensor node determines the amount of data to be sent by one-hop direct transmission and by multiple hops according to the probability p i so as to even out the energy dissipated better.
While determining the probability for each ring to send data packets directly to the CH, the average energy consumed by the sensor nodes in each ring is obtained as well. The algorithm assumes that all sensor nodes located in the same ring are at the same distance from the CH and each of them has a neighbouring node in the next ring with the same distance between them. But in reality this is not the case as the nodes are homogeneously positioned inside each ring. The calculated transmission probabilities are then used to simulate the proposed algorithms inside the cluster and thereby determine the actual average energy spent per ring.
SIMULATION STUDY
In this section, the performance of the proposed algorithms is evaluated through simulation where the energy consumption for data transmission from every node to the cluster-head is recorded when varying the radius of the cluster (R), alpha (α ) and the number of rings (K). The average energy consumed per ring and transmission probability per ring are observed for the proposed algorithms and the existing equal width hybrid communication scheme. Furthermore comparison between the different algorithms is performed. The simulator that was implemented allows the different parameters to be configured at run time as shown in figure 4 . The simulator also shows the deployment of the nodes and the variation in energy consumption per ring until it is balanced. Only heterogeneous cluster-based network has been considered in the simulations and each node will generate one packet locally. Furthermore, only homogeneous deployment of the nodes will be considered for the scenarios and the initial energy per node is 10J. Finally the nodes can communicate directly with the CH and the density for the different radii of the cluster will be as follows: 0.006 (R=400m), 0.01 (R=0.03m) and 0.02 (R=200m). Using the GUI in figure 4 , the density can be varied only when the R =200m due to memory constraint. Figure 5 shows the average energy spent in the transmission of data packets by the sensor nodes in each ring towards the clusterhead for one round. It can be observed that the variation of energy consumption rate in the equal width and hybrid routing modes are smaller compared to unequal width. However the latter has the lowest maximum energy consumption.
Simulation Results
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Scenario 2:
Radius of cluster: 300m, Alpha: 3 and Number of rings: 11 Figure 6 shows that the variation in the energy consumption rate in the hybrid routing is higher and it has the maximum energy consumption compared to the others.
Scenario 3:
Radius of cluster: 400m, Alpha: 4 and Number of rings: 15 Figure 7 shows that the variation of energy consumption in the equal width model is less stable compared to the others. The maximum energy consumption rate is around 0.2 J for the unequal width, 0.5 J for hybrid routing while that of equal width is more than 0.7 J. Therefore it can be observed that:
• The average energy consumed is more in the equal width than that in the others. At a point in time, the load on the sensors in one or more rings becomes high and this leads to a high amount of energy consumption (this applies for all algorithms).
• Also, the energy spent is much higher when alpha = 4 than the one when alpha = 2 or 3. This can be explained as follows: enlarging the value of alpha increases the energy consumption used to transmit the same amount of data packets over the same distance.
Scenario 4:
Radius of cluster: 400m, Alpha: 2 and Number of rings: 7 Overall the unequal width performs as well as both the equal width and hybrid routing techniques but when alpha increases, it works better compared to others. 3. The equal width hybrid routing also balances the overall energy consumption well but however it has been noticed that when K -> ∞ , the total energy consumption reaches 100% and the gain in lifetime vanishes. Therefore this strategy is useful for smaller K. 4. Unlike hybrid routing, the unequal width hybrid communication mode works well when K is either large or small. 5. The equal width and hybrid routing communication algorithms are not dependent on the radius of the cluster and work well irrespective of the value of R. 6. From table 22, it can be observed that when the density increases, the average energy consumption per sensor node increases using the unequal width hybrid communication algorithm due to increase in number of nodes while for the hybrid routing technique, it varies due to the load. 7. It has also been noticed that both proposed algorithms work well when the nodes have been deployed randomly and give more or less the same results. 8. Another important point concerning the unequal width algorithm is that it works well even if the unequal width criterion is not satisfied. An example is the first row from table 21 where R = 200m, alpha = 2 and K = 2. Since r 1 = 67.1m and K = 2, then by default r 2 = 132.9m (r 2 > r 1 ).
9.
Finally from the different scenarios, it can be observed that in the equal width hybrid routing algorithm, the sensor nodes closest to the CH spent higher energy compared to others due to the presence of incoming traffic.
CONCLUSION
In wireless sensor networks the destination of all the information gathered at the sensor nodes is a single base station and the traffic pattern is highly non-uniform because the nodes, that are closest the base station, have to relay all the data packets. Consequently, those nodes are the first to run out of battery, thereby restricting the lifetime of the network. In this paper the problem of unbalanced energy state in WSN has been considered and two strategies for balancing energy consumption across sensor nodes have been proposed with the aim of prolonging the network lifetime.
In both algorithms a hybrid transmission mechanism, based on probability, is introduced to balance the energy dissipation in the whole network and prolong the network lifetime. In the first algorithm, an unequal-width design is introduced to derive the optimal ring widths which lead to the reduction of energy consumption and prolonging the network lifetime. In the second one, equal ring widths are considered where incoming traffic is always transmitted to the next hop and a probability is used to determine the amount of locally generated packets to be forwarded to the next hop and the cluster-head respectively.
Simulations have shown effectiveness of the proposed techniques which balance the rate of energy consumption across the whole network and extend the overall lifetime of the network efficiently. It has been observed that the unequal width hybrid communication mode is the clear winner in extending the network lifetime as it tries its best to balance as well as minimize the energy consumption of the nodes. The equal width hybrid routing strategy is an alternative to the equal width hybrid communication mode which also works well for energy balancing.
